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^5.3 ^12 Hh^, *IU 5.3 $H 3 

^*Hr #7fl*h =7^ $m t#€ 2112 53 $H1 711 o]E ^3^" 

# *§^SRr 3r>fl**h T^ji. ^o^nV^ £l g ^oflAi ^ ^3^ ^ 

^2t, TflojE iJEflo]^ ^ 7fl°l E ^-g^o] ^ $H »HS ^-g- 

4 TflolE ^^9] Q]*- 53* 711 #^M: ^^Hr 37^, 711 °lH # 

AlZ]- P}A 3£ ^ Alz^ ^-fr ^^*H 7fl°|j= ^o\] o^^fl }^#^ ^ 

^£tf *\}7]is}±: 3 Til, ^ ^llf 711 o]e 7 A^} i^fr^ 71^1 

°l^r* ^ D ^ J=Bfl3 ^*Rr #7fl» if-^cf. 

£ 9 
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7)]o1e^ SON OS ifi ^21 ^ l-?)^ ^flael ^{Method 
for fabricating non-volatile memory device having a sidewall gate and 
S0N0S(Si 1 i con-Ox ide-Nitr ide-Oxide-Si 1 icon) cell structure} 

£ l^r °4^9l S0N0S ifi ^St g±r v\]3.?l M-BfLfl i«y 51^ 

S. 2^ ^ 711 oIe^. S0N0S ifi Srfl^ H-El-Lfl iioj 

£ 3 ^^1 E 9^ ^ ^^^1 nJ-E- ^ 7\}°}!=Q S0N0S € ^2:1- g±r 

Irfl^ ^lS-B] ^}<2] ^12: "JlH ^T*r ^3—5-^1 , ^1 ^ TIME 
£}- S0N0S (Silicon-Oxide-Nitride-Oxide-Silicon) ^-2:1- g^r "flS-Sl ^ 

(volatile)^ -i-fl «Mg (non-volat i le) °H3.&1 4i^>S. *r ofl.E.s| 
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^^^S l-fl^j ^S.E] dfc*>S) ifi S^^l^E-l-i-^ 7fl°U= (stacked 

gate) 5>tt4. aj^g 711 o]E ^^r, A i M$4^4 *fl\g $H>q 

3^-^ 3*4tt TllojE ^o^nV > ^ojE ^^- > TflolE^- ^ ^ES- ^) o) 

^ 3l^Mr ^^4. ^^oll 44*1 l>fl^ oflSe) di*Rr, LflJf-ofl ^ eg erf 

*14^4, 4^ (tunneling)^ *g*j*Hr #Sj-4\ ^ ^(charge trapping)^ 
A>-g-5]^ *}44, *Hl(blocking)# AsL 4~§-4^ #44 ^ ^E-g. TjjojjE 
4"§-4ir If^}^ f2£ ^1^^ ^ &4. nflnDs. o]<4 ^o. n| f o 

SONOSCSil icon-Oxide-Nitride-Oxide-Silicon) ^SiS.*] *}-%4_03. £-^44. 

£ l^r S0N0S i8 ^ ^4 ±*}^r 44^ ^ 

44. 

£ 1*- ^ <3<*Ofl ^ ^ ^ 0)^£) £ S- Hfl^Sj ^ cg<^ 

(104) * J=efl<y <^^(106)# ^4€- 7l^-(l02) 4^1 0N04(110)4 ^44. ^ 

71 ON04(110)£r, 4^^£.S.*14 ^3.^(112), ^ E^f O^oj ^e) 

^ ^44(114)^ ^ 4sfl*°-5-44 ^2^5^ #444 ^^>^ O.3. ajf^ 5> 

^4. oNo^dio) ^Htt as* TiiojE ^^-o.^. A>-g.£]^ #4^4^4(120)4 ^ 
44. 
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°W "112.3 i*HI ^^M- =SZL^ ^*S*>7l 

# TflojE #^-(120) ^ = 31*] ^^(106)<H]fe y>o]<^^§ o]7>^JI, ±+ <g<3 
(104)£ 3*H?J4. ^(120) ^ 2=zfl°l c§^(i06)ofl °]7>^ *1<>M- 

£ ±i ^^(104) o.S^-Ei jELefl^l c§<*(i06Hl °1 =^ *fl\l ^^^) zJ°ll- 43 ^2]^ 

o]ZL ^l* ^l-ol^4. °1 ^tfl ^^>#^ ii( 104)5.^-3 igsH 

^^(106)^- ^fl 7}^z\7) Alaj-^cf. ^^1-8: ^olf 4.3 ol^i^ 

oflu)^!- ^ #*m£r, 3^^(112)^ X^!<g SM^O^ Eb« 

^(114)°.3. l-^7>7l^ "13 (hot)" ^"Bfl7> ^T=f. o]^- ^ <g 

^-fr^r =efl°J <3 3(106) *fi^ ^^MH 7H> fcl o)^ e^o] <g 

3(106) *d7}-i-°] 7K> €• <£^r ^o} 7 } nfl^-ol^. <g 

*}*°1 Q<&^ ol^^l ^^r> E|f(n4)o S ^z\ 7] uy ^ j <g ^HS"* # 

.E^(114H1 II <?H X\#S\JL, v\]3-?l H3 -g-^ ^Cf. 

*fl5-3 ^7># ^^]-7l fl*H^ f ^2] = 3.11^*1 7l 7)1+ 

°fl ^}-g-£ ^^Rr 3-E- #«*M-°1 ^}-g-£3. i=3l<?} ^^(106)^1 

^ tiH<H^» o] 7}f>}jL, 711 o]E ^(120H1^ -g"3 tij-ojo^^. o]7>*Vcf. ZL 

ElZL dtii ^^(104)^ #3.^ tftfls. ^cf. nei^, oj#o]j ^^(H4)oll 

^7>#oi j=3]oi(i06)# ^*}*} oj^TlM-, H5fl<?] 33(106) ^3 l-#oi ^e] 
^ ^ 5}- sv( 114)^5. ^ ^3^- ^s)-^ 114 HI oj^o)! t^s^o} ^7>§o] 

^7l£]7luf cc^ -oj^ J^-i-ofl ^Sj-s)j7 ( zLojl rtf^ nfl^e] ^ ^3^13-. 

35- <I ^3l: 0 l ^3^- ^s)-°Hll4) ^-^1 ^3]<y ^^(106) e^^l ^ 

^2}-^-(114)ofl oj-g-^, j=3)o] cg^(106)<Hl 7V77>^- 
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-g-<W ONO^(HO)^- ^^*>JL, =L ^&6\)7?}7] ^Ef 7flo}Ei ^0.3.^ 

^ ^s^el^o] ^o]^ >Ho] E( sidewa i i gate)* ^fl^t!r ^27} ^l^JI 

<12> £ 2^ ^-o] ^y* TflojEfil- S0N0S It £fe ^T$I«H3 ^12-^ M" 

Bt-tfl iL°] £Tgol4. £ 2 <HH £ 13f ^ «jri. -g-^*V ^ 

<13> £ 21- %^^>^, afll ^5KK212), ^e]€- ^S)-^ v (214) ^ ^2 ^ 

5j-nV(2i4)ol 3f^€ ONO^(210H °j°4(106) 71^ 

(102) 0N0^(210)o] ^3*1 ^ 71^(102) 3H^r Tfl 

ol e ^hi-o^o} ^ 3 230)0] *§^£}cf. 0N0^"(210) ^ *fl3 

#5K V (230) SHfe- ^1^1- TflojE ^iL^o] #^^^3.n]-(220)ol ^^slcf . ONO^I 
(210)2] ^rv\\7\ ^13 (230)^1 ^Jitf ^(220)-°r 

ONO^"(210)^ ojw. ^^AVoDi 3^5)^ , oHl trj-e}- #7l #^^e|€-^-(220)^- Tfl 

<14> o]^ ^-o] Til olE ^ S0N0S it 5fe ^12-3 7> 

*1 £oL &i=Hr ^ ^ v ^B)*} ^tfl ^13 ^B]€- ^5^(230)^ ^1 

1- 2i?A^-SLS.*\ ±7.}o] #7)q°} ip^-g- ^a]^ ^ 5U-°-^, 0N0^-(210)# ^efl°J <3 
^(106) 5-^^ ^e)^- 7] #(102) ^^^S-'H 4i7>^ ^ SEtb H=#*l^ ^ 

ziei^ ojsq- ^ ^ TflojE ^ S0N0S € ^ *\}2.z\ 

#71 0N0^(210)€- ^^tt ^Ml 2flE^l- ^siHxr 
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<16> ^-71 7l^^ 4^1 # ^*>7l -g- ^^l ^ ^lS-el 4i7>^ 

2: «o^^, 7l^S] *fll ^\^%- , ^# ^flU ^ *M # 

3fl^ol ^>^^S. ^2] ^2#* ^*Kr #31; ^71 ^ £l*ti ^ 

^ ^ a*a ^-71 ^ ^ ^^si^^i ^7l ^3] f£fSl 

^>HL S ^o £ «El 711 o]E ^H*!* ^^Rr ^7^1; ^7l ^ ^3fc#, Til o] 

1 ^ 7flo]H ^b]-**) t# 3H1 Tfloje ^TS^r 

^7^1; ^-7] TflojE ^-g- SL^^r #71 ^3] ^ ^. 
71 TflolH ^<gnVo| <yj=L g_T£^ i^#Al 7^ tHo]M ^^M" ^^Kr ^-7^1; ^7] Til °1 

e ^-g- ^ n>^s. ?V aV 7 ) ^Ef Tine ^6\] o}*fl ^ 

^3 ^2#^ ^71^ ^711; ^ #71 Slf 711 OH ^*fl 

7l^ofl °l£r§- ^ <3<* £ ^.eflol ^7ll# 
3-1- ^8 -2.3. 
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<17> #71 ^ifl: *§^*Hr ^Tflfe, ^7} 7}& $H1 — ^ 

# £ *HI^-g- ^*>3 3#*Kr A oM *H1# SHI *H1^S] a 

^ ii#Al7lfe d}a 3 o| 3fl el *§#*Hr &7\], ^ #71 D}ia D 4 3fl^* 4i3 

71^ ^12 S'S-g- i^#Al7l^ ^^1 ^2ff 3^*Hr ^"^m 

<18> O] Tg-f , #7l E^^, ^ *>*|*£r ^4 *fll #3^, S 

XI 2 ^VS^-g- A>-g-«H $^*Kr ?M W>^*>4. ^71 XI 1 #3^£r 1 ^ y o V ^^ 
$^tt <r SUtf. #71 ^3^£- 7^oj- ^ 7l# # 7 1 ^1 #sl-nl. 

o)l rfltb ^ ^-g; ^r^^H 4 1 5U4. #7l *)12 W 7l# ^ 

<19> #7] P>^35V 3fl€£r ^51-^- ^°1 ^V^W. 

<20> #71 e #e^^sl^ JES-I- 3Lf-*Hr ^rS. $14. ^"71 

<21> AV 7 ] TflolE ^lolA-H- ^*Hr ^711^, #71 TflolE ^o^, ^ ^ 

^ tf °J ^"71 3fl H $H Til ol^. ^z\]o]X\ ^*Kr 

^1^, #7l 7fl ^3Jflol^ ^#-g- ^£ ^l^H A o V 7l ^r^l ^2:#Sl <^ 

^4 #7l nf^H-nV 3flHH o] ^Tg#ofl «-2V^ TflolE ^2)] ol A^l- ^*Rr ^7)1, ^ 
#71 o>i£i^ sfl ^o. ^"71 711 °lH ^°H7l- ^7l ^£§2] ^ 3.^ 
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<22> #71 TIME ^3|1°H «^.g- £^nVO tejAl^aoVA ^-fr^M *Rr %<>] 

<23> #71 TflolE t^-g- JE^nKS: ^^^el^^o. A >-g-^H ^ ?H Wp^^. 

<24> #71 TflojE i§#_g. JE^nKj. ^ ^]^>fe *1 ^ A}-g-^>C^ 

<25> #7] TflolE ^_g- £ ^nV Aj-Jfofl ^ ^^^0]^^ ^ ^ ^ 3£^- 

<26> o)^> ^j=l %v s ^ a}^*}- ^aHI^- #^1§1 ^^^ 7 ]s. ^ 

£ ^3 ^XH^ 7M cf^- ^EflS ^ £ ^ 

<27> £ 3 ^*1 £ 9^ Of^. ^ 7fl0l.ES}. S0N0 S ^ ^2:1- ^ 

nflSSl i7>Sl ^fl2: ^.g- ^^*>7l 31 *H SL°\ ##5.^°]^. 

<28> £ 3^- %v^^ > ^e}^ 71^(102) $H *m a>^-bV(311), *fll ^^-BV(313), 

7112 ^>2|-b}-(315) ^ A]2 ^3l-^-(322)# ^^W. *Hl ^^(311)^ 

^fAS A>-g-sl^ ( oj A>5j.( t hermal oxidation) ^^^r ^>-§-sH ^tr 1 }. #?1 <1 
^ «o V ^^r N 2 0 7>^i NO 7>i &<ft 7 ]c$*\ ^« ^ o\v\ , ^ 5}- 5]-(313)-& ^ 

^l-g-£l^ ( *\<& 7l# #*KLP CVD: Low Pressure Chamical Vapor 

Deposion) lHj-§- ^V-g-*}^ ^^tr^r. #?1 *fll #3^(311)41 tfltr ^gSj- 

(nitridation) ^4«H ^TOlS)* ^£ SU 1 }. 

*fll ^^(313) cflAloii #^^el^ -EMCpolisilicon dot) £1 
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(nitride dot)* ^ ^>-§-^ ^S. 9X^. XI 2 ^s}-^-(315)€- * r X]^°-5. 

SH, LP CVD y 0 ^* ^}-§-*r<X 3.^^ XI 2 ^^-^-(322)^: ^ *^XH3 

A14 4Aa D -[AS *>-g-£M, P>^. 7 >xls. LP CVD ^1~§-*H ^^4. 

^th=r. °1 IE^|iI D 4 Xl€£r XI 2 H5KK322)^ <^tL ^.g. i-^^- 7fl ^LH. 

1- ^cf. cf^g-ofl ^>7l iSeflxliMBV Xl€* p>^3.S *> ^ ^-g- ^^5> 

<X XI 2 4 H (322)1: ^^W. #7l ^z}- ai^ ^ o. ^ 

« *r ^^f. X]2 ^S|-ev 2fl^(322)^: Xl2 ^^(JE 3^ 315)51 ^#*1 

Xm(322)* ^3.^. ^ ^* ^W<X XI 2 X| 11(316), XI 1 llsH- 

Xlfi(314) ^ X]l X|€(312)# o.S n8-S*MM ^e|€- 71^(102)31 9^ 

7l^(102)o 1 ^zf cjlnl^l^ oj^jg. ^Al Alz}- u] ^ai a1z}--§- s.J= A}-g-^- ^£ oi 

4. ^Sl^ 71^(102)^1 °J-f S^^- -^<X1^ ^ 2i^.-=r 3tr ^ 

cf-g-Xl £ 5» 71^(102) 3H1 XI 3 <L>Sr^-(330)* 

^tH4. XI 3 4r3W330)£: XMl= ^^hS-S.*! *r-§-=M, °J fj-fi 
^>5r(MT0; Middle Temperature Oxidation) a o v ^* ^HKH ^i^lk «r Si^. XI 3 -irSj- 
^(330)^1 XI 1 XI €(314) ^ S^^cf feXI «B^£|^ ^-JLS.*], ^ 

*3XHS| #El^El^^3l- XU ^sH" 34|^(314)ol ^7l^o.S. <a^£l^ «<M^ 
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cf. ^<>H ^^-8- S^o-JLAI ^^^<2V(340)-g- tg^^j. 

<si> cf-g-ofl £ 6^- #2:3^, l-e|^^e^-(340)# 42 sfl^ 

(322)4 ^3 ^^"(330) K^} 9Xtt #£]^-S5V(340)-§- ^l7i*>t}. zie^ *j|3 
^sKK330) $HH ^12 3fl^(316)4 A]2 sfl€(226) ^SH^ tf£r 

— isfloHS.^ 1-2^3^ ^sfl 01^(342)7} #7} 1-2^2)^(340) 

ofl tfl^ ^ (etch-back)^- *l-8-*M SU^. 

<32> cf-g-ofl £ 7^ , A]2 4^(322)* Q&S) ^7]^. ^7} ^2 ^ 

3rfl^l(322)# ^71^71 <y<M- Aiz^-oj} o. s o]-g-^ ^ai ^.g. 

^2 ^sK v 2fl^(322)^l ^S^, ^12 #aj-*q- 3r)]Bl(316H i^#£H , 
^12 ^Sj-^ ^€(322)4 #2l*)^*v iM|°H(342)^ 2t^€^. 

<33> t^ofl £ 8* ^ofl 7flo]E ^.g. £^n1-o.^o] #^^^^^"(344) 

* °] ^^^^^^-(344)^ 2^1 d H(342)-I- ^-a)o\] 

*\]2 *tltW sfl^(316) £ *\]3 #3^(330)2] £^cf. -t2]^E) a^ 344)2} 

(344)1- **H, ^S]A>ol^. ^-g- ^*8*H #2^e}^(344) ^ 

<34> cf^-ofl £ 9* ^S*}^, #5}^e}-sn}-(344)-g- ^n*>^ ^e)^ 71^(302)* 

#sl^el^^-(344)# Tflojm #^\2.S>M3 l^e}^ 

(346)1- #7l 1-3^5} ^(340 HI cfltl ^ <Wa}(etch-back)-g- 

*>-8-*H ^*8^ ^ 5Ut}. #e}^B}^sV(344)l- ^ ^^f^, £H ^12 -5+3^ ^ 
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(316)^ m ^A afl^(330)^ «JJf S^^l =LZ]JL A]2 

s^v sflii(316)^ M-^^l ^-^-^ m 3fl^(330)^ <4^^ le]/^^ 

(346H1 2]n Q9l^\-. 4^-°fl l-e]^^^^ v (346)^ 3*fl ^#^1 afl2 3fl€(316), 
*1U ^A 4^(314), *fll ^VSj-^- 3fl€(312) ^ *fl3 311^(330)^- *tf7i^H , ^ 

s]^ 71^(302)^ S.t£o) 
<35> o] s-ol »w»<?1 ONOTOlOH ^Sjift-ll, o] 0N0^"(310)^ »W"^ # 

2]^ l-Bl^ele^-(344)^ ^KdH ^ sHHa^h nJ-eH ^-4 ^ ^ 0N(m 
(310)^- ^S>JL*1- ^ ^-f°fl^r §^^^^nv (3 44)^ ^](d)7]- ^51^- 
^^^(344)0. ols q. ^ s.o^ 0N0^"(310)* ^^^ZL^V *} 

^ ^ -foil ^ #^^^(344)3] ?f-v\)(d)7} t\-± =Lsm #51^^(344)* 

^uf. o}^ £o] t 0N0^(310)^ s.(W)^ ?m<L£. o}£ t£t\)o\}*} #3^3 
3.^(344)^] ^SlH^ iS^^ZL^ «o V ^^ SMI 3. <y*V *fl*hi- 

<36> A o V 7 l #^^^^-BV(34 6 )^ ^o,]^, f-#<^ o]^ ^ ^.g. ^ 

^ 71^(302) ^ AA ^(304) ^ =eflo] «^^(306)^- 

^ TflojE^ S0N0S IS £fe n^-A 

±i £e||ol ^^oq ^5. ti>^ ^£ ^cf. 

^AHHl ^5)^1 &On}, Mj-^ol 71^^ A}^- vfl ofl *\ # -f^O} ^ Al ^. 

7}-*! *Hl ^ 7>^1 ^^oi 7V^f-^ ^<3*}tK 
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ONO^ ^o] c^HH 3^3^r #3^^^ ^MN ^ ^3^, °1 4 
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1] 

#7l ^S-i-ofl S]*fl ^e)^ *)12 $H TflojE ^o^-g- 

^#*Hr ^Tfl; 

#7l 711 o]E ^<£^1 ^ ^ 3HH #?1 ^ #JfL 3 #3 3 

#7l TflolE i^olA-l ^ 7flo]E ^cgnVo] ifl°fl Tfl O] E 

#71 TlMM ^-g- £#^M: ^ #7l ^-S#S1 <^Jf S^3f #71 

Til ^1 E ^nVo} <gj=L S ^o. ^ #Al7l ^ ^|o|E ^-g- ^*Kr cfTll; 

#71 711 o]H #^ ^aLS. ^ #7l TflolE 

51*11 ^ ^171^ #7fl; 

#71 SS| 711 olE ^^-^1 3*fl 71^1 4l 

^ ^ =£11^1 ^^-1: ^#*Rr ^7111- X^-fe 3* ^-^3 AS. ^ Irfl^ ^IS. 

el 4i7}£l 

2] 

^i%hi sz<h^ , #7i ^*i ^stt ^#*Hr 
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3] 
4] 
5] 

^71 7^<y- ^ 7] a o V ^-7] ^ X ^nVo,} tfl ^ ^ 
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6] 

^12 *i«g- ^ 7i^- ^3J*H *8^*Hr ^-i- ^2-°5L 

[3^* 7] 

*H2*j-ofl SI*]*], 

^7] n^€r ^^-^ ^-1: f^AS ^ ^lssl 

[^^d- 8] 

[3^8" 9] 

^2%H1 $a<^i, 

10] 
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#7l TIME i*!HAi $^-g. £^^-g- ^ *]ZHM #7l o^«. * 

#71 3fl^^- aj|7i*V^ #7) TIME ^Bflol*^} #7l ^ f^fSl #^f 

S.'S flS. Sj-fe #711-1- Xf-^Kr Si-g- ^ nflJ2.il] H^l 

11] 

*fl 10*^1 5a°H, 

#71 711 o]E ^M^l <§#-g- 5=#*bfr #^^5l^^ Af-g-SH ^ S. 

12] 

#71 TflolM ^-g- ^Bl^Bm^M- A>-g-^ol ^#*Kr ^ S^O S t \ 

1:^1^ ofl2-5l ^7>«1 ^2- 
13] 

#71 TllolE *g#-g- JE^-fr ^ ^l^Rr #711^ ofl^l "J?^ A>-g-SH ^S>fe 
53 ^^-S *Hr 2 21 i*}^ ^2: ^ . 

[^T 1 * 14] 

*lll*<Hl 5a<^i, 
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